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The contribution of the volatile constituents to the overall antimicrobial efficacy of the medicinal plant Tarchonanthus camphoratus was
considered, where different extraction techniques were applied to yield four fractions. These comprised of the essential oil prepared by
hydrodistillation, non-volatile constituents prepared by extraction of plant material remaining in the distilling apparatus (having no or negligible
volatile constituents), and extracts prepared from fresh and dried plant material having both volatile and non-volatile constituents. The
antimicrobial activities of the non-volatile and volatile fractions of T. camphoratus singularly (MIC method) and in combination (isobologram
ratio method) demonstrated that the volatile constituents play an integral role in the total antimicrobial efficacy of the plant. The MIC values for
the essential oils of T. camphoratus ranged from 1.5 to 16.0 mg/ml depending on the pathogen studied. With the exception of studies on
Klebsiella pneumoniae, the non-volatile fraction devoid of volatile constituents displayed higher antimicrobial efficacies (2.0–4.0 mg/ml). When
the volatile and non-volatile fractions were combined, increased efficacy was mostly noted with the dried plant material mostly showing a higher
antimicrobially-active profile. Synergistic interactions were further validated by the isobologram studies on the combination of non-volatiles with
essential oil.
© 2009 SAAB. Published by Elsevier B.V. All rights reserved.Keywords: Essential oil; Interaction; Non-volatile; Synergistic; Tarchonanthus camphoratus1. Introduction
Tarchonanthus camphoratus L. is a member of the
Asteraceae family and is commonly known as the wild camphor
bush/tree (Watt and Breyer-Brandwijk, 1962; Van Wyk et al.,
1997). The strongly scented leaves of T. camphoratus have
numerous medicinal applications in traditional healing and are
often used as an infusion to treat stomach ailments and
bronchitis. The smoke liberated from the burning of aerial
plant parts is inhaled to treat sinus-related complaints, offer
relief for headaches and the burned leaf and seeds have been
used for fumigation during funeral rituals (Van Wyk et al.,
1997). Also mentioned in the enthnomedicinal literature is the
use of the leaves as a hot poultice for treating chest complaints.⁎ Corresponding author.
E-mail address: Sandy.vanvuuren@wits.ac.za (S.F. Van Vuuren).
0254-6299/$ - see front matter © 2009 SAAB. Published by Elsevier B.V. All righ
doi:10.1016/j.sajb.2009.04.005Chewing of the leaves is said to alleviate toothache (Hutchings
et al., 1996). The use of the plant as a treatment for sexually
transmitted diseases has also been noted (Watt and Breyer-
Brandwijk, 1962).
Medicinal plants are often administered through inhalation to
treat infections of the respiratory tract (Caceres et al., 1991;
Inouye et al., 2001). This suggests that the volatile constituents
may (in part) be responsible for the antimicrobial activity.
Several papers reporting antimicrobial activity have either
focused on the essential oils or the extracts (Brantner and
Grein, 1994; Izzo et al., 1995; Chagonda and Makanda, 2000;
Buwa and Van Staden, 2006). Other papers report on the bio-
activity of both the volatile and non-volatile plant constituents
(Hammer et al., 1999; El-Shazly et al., 2004; Van Vuuren et al.,
2006). However the possible synergistic interaction that may
occur between volatile and non-volatile constituents need to be
considered. Volatile constituents (e.g. essential oils) may exhibitts reserved.
Table 1
The mean MIC values (mg/ml) for the essential oil (EO) and soxhlet extracts (NV, FC, DC) of T. camphoratus leaf material.
Pathogen Essential oil (EO) Non-volatile (NV) Combined fresh material (FC) Combined dried material (DC) Control a
Staphylococcus aureus ATCC 25923 6.0 2.0 2.0 1.5 0.2×10−3
Bacillus cereus ATCC 11778 3.5 3.0 4.0 2.0 0.2×10−3
Escherichia coli ATCC 8739 16.0 3.0 3.5 4.7 0.4×10−4
Pseudomonas aeruginosa ATCC 9027 6.0 4.0 4.0 3.3 0.3×10−3
Klebsiella pneumoniae NCTC 9633 NS NS 4.0 4.0 0.8×10−3
Candida albicans ATCC 10231 6.0 2.0 0.6 0.3 2.5×10−3
Cryptococcus neoformans ATCC 90112 1.5 2.0 3.0 1.5 2.5×10−3
a Ciprofloxacin and amphotericin B served as controls for bacteria and yeasts, respectively; NS = Not susceptible at highest concentration tested (32 mg/ml for EO
and 16 mg/ml for NV); n=≥2.
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with non-volatile constituents enhanced efficacy may be exhib-
ited. With this in mind, a study was designed to comparatively
evaluate the antimicrobial efficacy of the different fractions
i.e. volatile, non-volatile and combined (dried and fresh plant
material). T. camphoratus was selected as a model for this study
based on its broad spectrum use in traditional medicine and pre-
liminary reports of antimicrobial efficacy. Hutchings and Van
Staden (1994), mentions T. camphoratus for its potential anti-
microbial properties and a study by Matasyoh et al. (2007)
demonstrated antimicrobial activity for the essential oil.2. Materials and methods
2.1. Plant collection and distillation of essential oil
The aerial parts of T. camphoratus were collected from a
single population at the Walter Sisulu Botanical Garden during
the summer months. A voucher specimen (SVV1100) was
deposited in the Department of Pharmacy and Pharmacology,
University of Witwatersrand. Leaves were hydrodistilled in a
Clevenger-type apparatus and the essential oil (0.1% w/w) was
collected after 4 h to allow for the complete removal of all
volatile constituents from the plant material. The essential oil
prepared by distillation is hereafter referred to as EO.2.2. Solvent extraction
Plant samples were divided into three quantities for separate
extraction with a soxhlet apparatus. The soxhlet extraction
method was selected as it more closely resembles the process
used to isolate the essential oils. The plant material remaining in
the Clevenger apparatus after distillation together with the
distillation water was dried at 40 °C. From this, 8.4 g was
extracted in a soxhlet apparatus for 3 h using a mixture of
methanol and chloroform (1:1). The solvent was removed using
a rotary evaporator resulting in an extract containing no or
negligible volatile constituents (extract NV). A second portion
of fresh plant material (14.8 g) was similarly extracted (extract
FC). A third portion of leaf material (7.9 g) was dried at 37 °C
for approximately 24 h, after which it was extracted in the same
manner (extract DC).2.3. Antimicrobial testing
Culture, media preparation and assays were undertaken
according to the NCCLS (2003) for obtaining an adequate
accepted inoculum range. The basic minimum inhibitory
concentration (MIC) microdilution methodology was adopted
from Eloff (1998a) and Carson et al. (1995) taking into account
essential oil volatility. Starting concentrations of 64 mg/ml were
prepared in acetone for EO and dimethyl sulfoxide (DMSO) for
extracts. Due to the insolubility of the T. camphoratus plant
extracts, DMSO was used as the solvent for reconstitution. As
DMSO may exhibit antimicrobial efficacy, MIC values
equivalent to or greater than that found for the DMSO control
were omitted from the data (Table 1) and considered not
susceptible. Commercial antimicrobials (ciprofloxacin for
bacteria and amphotericin B for yeasts at starting concentrations
of 0.01 mg/ml and 0.10 mg/ml respectively) were included as
positive controls in all MIC repetitions to validate microbial
sensitivity. All stock cultures were obtained from the National
Health Laboratory Services (South Africa) with the exception of
Candida albicans, which was obtained from the South African
Bureau of Standards. Table 1 lists the cultures with correspond-
ing reference numbers used in this study. Comparative assays
were performed on seven test micro-organisms. Assays were
repeated at least twice to ensure that a standard error variation of
not more than one dilution factor was obtained. The mean MIC
values are presented in Table 1.
From the stock solutions (64 mg/ml) of EO and the NV
extract, combination ratios were prepared. Nine parts of EO
were combined with one part NV sample (9:1). Similarly, ratios
of 8:2; 7:3; 6:4; 5:5; 4:6; 3:7; 2:8 and 1:9 were prepared. The
MIC was determined for all ratios and individual EO and NV
samples. The experiment was undertaken in triplicate and the
mean MIC values (mg/ml) were plotted on an isobologram
using Graphpad Prism® software, allowing for a graphical
representation of the interaction of the various combinations.
Ratio interactions were plotted using the following equations:
X =
MIC value of EO in combination with NV
MIC value of EO alone
Y =
MIC value of EO in combination with NV
MIC value of NV alone
:
Fig. 1. The antimicrobial efficacies of the Gram-positive test organisms (S.
aureus and B. cereus) against varying combinations of NV and EO factions of
T. camphoratus.
Fig. 3. The antimicrobial efficacies of the yeasts (C. albicans and C.
neoformans) against varying combinations of the NV and EO fractions of T.
camphoratus.
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points of the ratios where the MIC for each concentration is
determined in relation to the independent MICs (shown as a
straight line) and extrapolating synergy (below the line),
antagonism (above the line) and additive in the vicinity closest
to or on the line (Berenbaum, 1978). Only values within the 0–
1.25 range were plotted on the isobologram.
Conventional antimicrobials (not shown on isobologram)
were included in all repetitions. The solvent control isobolo-
grams against all pathogens had no marked effect on the results
obtained for the test plant material and were thus excluded in the
data set presented (Figs. 1–3).
3. Results and discussion
The MIC values for all the T. camphoratus extracts tested
(EO, NV, FC and DC) are presented in Table 1. The MIC values
for the EO ranged from 1.5 to 16.0 mg/ml depending on the
pathogen studied. These values were significantly more
sensitive than that found by the Kenyan T. camphoratus oil
exhibiting MIC values as high as 900 mg/ml (Matasyoh et al.,Fig. 2. The antimicrobial efficacies of the Gram-negative test organisms (E. coli,
P. aeruginosa and K. pneumoniae) against varying combinations of the NVand
EO fractions of T. camphoratus.2007). The notable antimicrobial differences between the oils
studied from Kenya and that reported here may be due to
different antimicrobial methods or variations in chemical
composition. The NV extract displayed higher antimicrobial
efficacies against the test organisms, with a narrow MIC range
of 2.0–4.0 mg/ml, with the exception of K. pneumoniae which
showed no susceptibility at the highest concentration tested
(16.0 mg/ml). Of all the samples investigated for antimicrobial
activity, the DC samples showed the most favourable efficacy
against all the pathogens studied. The only exception is for E.
coli, showing highest antimicrobial activity for the NV extract.
Even though different sensitivity patterns were observed for
each pathogen, it is clear that when volatile and non-volatile
constituents are combined, the efficacy is enhanced. This is
more pronounced for the dried plant material (five pathogens)
than the fresh plant material (two pathogens). Further validation
of the synergistic role of the EO and NV constituents in various
ratios are depicted in isobolograms (Figs. 1–3). The isobolo-
grams for the Gram-positive organisms indicate synergy for
most combinations. Only B. cereus exhibited antagonism for
one ratio where 8 parts of NV was combined with 2 parts EO.
This ratio is not noted on the isobologram as the point falls out
of the 1.25:1.25 scale (Fig. 1). This predominantly synergistic
pattern suggests that the presence of the essential oils may be
necessary for increased efficacy as observed in the combina-
tions where higher essential oil (volatile) content results in
synergy. The Gram-positive test organisms S. aureus and B.
cereus show congruent synergy patterns with the MIC study
(Table 1).
Combination studies for the Gram-negative pathogens
mostly indicate synergistic interactions (Fig. 2). It was only
with the isobologram for E. coli that antagonism was noted for
five combinations (three of which are not noted on isobologram,
as the value falls out of the 1.25:1.25 scale). When considered
along with the MIC data, it can be noted that the combined plant
material (fresh and dried) showed no increased efficacy with E.
coli and this was the only pathogen studied which showed this
pattern. With studies on P. aeruginosa, combinations having a
higher NV component showed an additive profile and with
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observed. This supports the notion that the volatile constituents
are necessary to increase the efficacy of the non-volatile
constituents. When observing the results for the pathogen K.
pneumoniae, synergy was observed for all combinations except
one. For isobologram studies with P. aeruginosa and K.
pneumoniae, results were congruent with the MIC values.
The isobolograms for the yeasts show synergistic profiles for
all combinations studied (Fig. 3). This again confirms the need
for volatile constituents to enhance activity. Correlation with the
MIC study is evident for C. albicans where both the fresh and
dried combined plant material had higher efficacies than when
studied independently.
The greatest synergy for T. camphoratus was noted for S.
aureus, B. cereus, C. albicans and C. neoformans. These
efficacies correlate with the traditional use of the plant to treat
stomach ailments (B. cereus and C. albicans) and respiratory
conditions (C. neoformans).
From this study it is shown that there may be considerable
differences in microbiological activity between volatiles
obtained by distillation and non-volatiles obtained through
extraction. The greatest variation is noted where E. coli
exhibited an MIC of 16.0 mg/ml for the EO, and the NV
extract had a MIC of 3.0 mg/ml, thus indicating more than a 5-
fold difference. When plant material comprised of both volatile
and non-volatile constituents, efficacy was enhanced for most
pathogens. This has also been noted in a similar study where
efficacy was enhanced for Salvia species when the volatiles
were combined with the non-volatile constituents (Kamatou
et al., 2008).
Increased efficacies were predominantly found for the dried
combined plant material over the fresh material. Ethnobotanical
reports (Hutchings et al., 1996; Van Wyk et al., 1997; Van Wyk
and Gericke, 2000) frequently refer to the traditional use of the
dried plant material for medicinal purposes. Eloff (1998b),
confirmed that the choice of dried over fresh plant material for
biological studies were favoured by a number of researchers.
Even though the ratio combination of the volatile/non-volatile
mixtures used in this study does not truly reflect the natural
ratios in the whole plant, it is clear that synergistic interactions
exist, which necessitates the inclusion of volatile compounds in
the antimicrobial assessment. One also needs to consider the
dosage and administration of herbal medicines when observing
targeted activity. The various different administration methods
(infusions, inhalations, tinctures, deconcoctions, etc.) are
usually carefully selected by the healer for the greatest efficacy,
where preparation often serves to neutralize toxins (Van Wyk
et al., 1997). The administration of an infused oil, where the oil
acts as a penetrative enhancer for active principles of the extract
is also widely accepted (Shealy, 1998) and conceivably, the
combination of volatile/non-volatile constituents improve
solubility and bioactivity of the active principles.
The actual mode of action whereby the essential oil and non-
volatiles interact to enhance activity is complex and may be
attributed to a number of different mechanisms. It is known that
essential oils disrupt the bacterial cell wall (Burt, 2004) and a
number of studies have confirmed that aromatic compoundsexert their antimicrobial efficacy on the cytoplasmic membrane
by altering its structure and function (Cox et al., 2000; Lambert
et al., 2001; Holley and Patel, 2005). However, the antimicro-
bial effects of essential oils may be dependent on a number of
other factors such as pathogen specificity, oil concentration,
level of activity and relevant function of the microbial
membrane such as pH gradient, ATPase activity, electrochemi-
cal potential, ion leakage, changes in composition of fatty acid
and intracellular absorption of material (Nychas et al., 2003).
Such complexities require further investigation. However, one
could postulate that the essential oils provide a different mode
of action to the non-volatiles and thus act synergistically to
enhance activity. This synergistic interaction could possibly
enhance activities in a similar manner to other combined
antimicrobials such as amoxicillin and clavulanic acid. Here the
mechanism of action is known, whereby clavulanic acid while
independently exerts little antimicrobial activity, in combination
with amoxicillin increase the spectrum of activity by inactivat-
ing β-lactamases, blocking active enzyme sites and thus
allowing for an extended spectrum of activity (Gibbon, 2005).
Similarly, it may be that the essential oils could enhance entry
into the cell and allow for selected non-volatile components to
exert bactericidal activity. These postulations however, require
further investigation.
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